Abstract 11
INTRODUCTION

32
Potatoes（Solanum tuberosum L.）are a primary component of the human diet. More than 4000 33 varieties of potatoes are cultivated throughout the world. Despite the huge number of potato 34 varieties available, few cultivars have been commercialised. These potato varieties were 35 selected for their feasibility to be marketed and stored. A regular tuber size, high production 36 ratio, good storage ability, multi-purpose use and consumer acceptance are the main 37 characteristics of the potatoes that producers and sellers have chosen to improve their profits 38 and reduce the waste of potatoes. In addition, the food industry prefers cultivars that can be 39 stored for longer periods. In Spain, the rate of potato consumption is 23.13 kg per person per 40 year and involves mainly stored potatoes with a white skin. The predominant variety of potato 41 that is consumed is the Monalisa (26%) cultivar, followed by the Agata (16%) and Kennebec 42 (16%) cultivars, and then the Caesar (8%), Agria (4%) and Red Pontiac (3%) cultivars 43
[http://www.magrama.gob.es]. The dry matter of potato tubers is composed of various substances, including starch, sugars, 46 nitrogenous compounds, lipids, organic acids, phenolic compounds, mineral substances and 47 non-starch polysaccharides. The starch content of potatoes varies with the cultivar and its 48 growth stage. As a major constituent of potatoes, starch contributes to the texture, consistency 49 and organoleptic qualities of foods prepared using them.
2 Starches are generally classified as a 50 rapidly digestible, slowly digestible or resistant starch (RS), depending on the rate and extent of 51 its digestion.
3 RS is not digested in the small intestine, therefore reaching the colon, resulting in 52 the production of short-chain fatty acids, particularly butyric acid produced by the fermentation 53 of resistant starch. RS was recently recognised as a valuable contributor to dietary fibre intake 54 that is better tolerated than are other soluble fibres. The total sugar content of a potato is 55 approximately 0.05 g·kg -1 of fresh weight, which is in the form of reducing monosaccharides, 56 such as D-glucose and D-fructose, and non-reducing disaccharides, such as sucrose. 4 Low 57 storage temperatures may cause an increase in the sugar content of most potato cultivars. The 58 for 10 min at 4 (Selecta, Spain). The supernatant was filtered through Whatman No.1 filter 124 paper, and the pellet was re-extracted as before. Two liquid extracts were mixed and were 125 evaporated to dryness using a rotary evaporator at 40 ºC (Laborata 4000 Efficient, Germany). 126
The organic residue was brought to 5 mL with acidified water containing 0.1 g/L HCl and was 127 stored at -20 ºC until further analysis. All the samples were extracted in triplicate. The potato 128 skin and flesh extracts were used for analysis of the phenolic compound content and antioxidant 129 capacity. The flesh extracts were also used for the measurement of sugar and organic acid 130 content. 131
132
Instrumental analysis 133
Colour evaluation 134
The colour of the potato samples was measured using a MINOLTA CR-400 colorimeter 135 (Minolta camera, Osaka, Japan) in the CIE lab space. The L* (lightness), a* (greenness [-] A texture profile analysis (TPA) of fresh samples was performed using a 75 mm diameter 142 cylinder plunger probe (P/75). Six potato cylinders (length 10 mm, diameter 10mm) were 143 analysed for each potato sample, The following parameters were set: test speed of 0.83 mm·s -1 , 144 a rest period of 5 s between the two cycles and a trigger force of 5 g. The maximum extent of 145 deformation was 40% of the original length.
13 Four TPA parameters were determined from each 146 curve as described by Bourne, 14 : hardness (peak force of the first compression cycle), 147 cohesiveness (ratio of positive force area during the second compression to that during the first 148 compression), springiness (ratio of the time duration of force input during the second 149 compressing to that obtained during the first compression), and chewiness (hardness multiplied 150 by cohesiveness multiplied by springiness). Six potato cylinders were analysed for each potato 151 sample, and the results were expressed as the mean value ± standard deviation. 152
The flesh shear force of the potato cultivars was measured using a texture analyser (TA.XT plus, 153
Stable Microsystems, Surrey, UK) equipped with a Wartner-Blazer probe, as previously 154 described. 15 The test conditions were: test speed of 1 mm·s -1 , target distance of 22 mm into the 155 samples and trigger force of 2 g. The potato strips were cut vertically by the probe, and the shear 156 force was set as the maximum force and expressed in N. Six potato strips were tested for each 157 potato sample, and the results were expressed as the mean values ± standard deviation. 158
159
Potato component analysis 160
Dry matter and pH 161
The dry matter content was determined using the gravimetric method (AOAC 931.04). The 162 results were expressed as g·kg -1 . The pH was determined according to AOAC method 981.12. 163
All the analyses were conducted in triplicate, and the results were expressed as the mean values 164 ± standard deviation. 
Organic acid analysis 184
The organic acid contents were determined using the same protocol used for analysis of the 185 sugar contents, except that detection was conducted using a Beckman 166 UV-Vis detector set 186 to 210 nm，as described by Rodriguez-Galdon et al. 16 The organic acid contents were expressed 187 as g·kg 1 of LW. 188
Total phenolic content analysis 189
The total phenolic content of the extracts of potato skin and flesh was determined using a 190 modified version of the Folin-Ciocalteu assay.
17 Gallic acid was used as the standard and was 191 diluted with distilled water to obtain the range of concentrations appropriate for a standard curve. 
LW). 198
Analysis of the antioxidant activity of the potato skin and flesh extracts 199
The antioxidant activity of the extracts was evaluated using the oxygen-radical absorbance 200 capacity (ORAC) assay, as described by Gorjanovic et al. 
Statistical analyses 215
The data reported were the mean values of the results of triplicate analyses. The coefficient of 216 variation of the chemical data was less than 5%. The variations among the contents of the potato 217 components were evaluated using a one-way analysis of variance (ANOVA). The differences 218
between mean values were evaluated using the HSD Tukey test with a 95% confidence interval. 219 10 Pearson's correlation analysis was conducted to study the relationships among the variables. 220
Both analyses were conducted using Minitab 16 Statistical software (MINITAB Inc., State 221
College, PA, USA). A principal component analysis (PCA) was conducted to determine the 222 relationships among the variables that were analysed using STAT-ITCF statistical software 223 (Bordeaux, France). 224
RESULTS AND DISCUSSION
225
Instrumental parameters 226
Colour characteristics 227
Colour is an important quality parameter for raw potato tubers that is affected by certain pre- 
also significantly correlated with chewiness (r=0.708; p<0.05). The differences in this textural 248
property among the potato cultivars may be due to their differing dry-matter content. 21 The 249 texture is a very important parameter in cooking quality of potatoes. Mealiness was used to 250 describe texture of boiled, baked and oven-fried potatoes, while hardness was also judged 251 regarding quality. 22 According to Kaur et al, 23 potato cultivars with greater mealiness showed 252 higher hardness and cohesiveness. The texture changes during the cooking are associated with 253 the gelatinization and retrogradation behaviour of starch and with enzymatic and non-enzymatic 254 changes of pectin. The content of total starch, which is also the major carbohydrate component of potatoes, ranged 266 from 681 (Agata) to 752 g·kg -1 of LW (Spirit), as shown in Table 3 . The cultivated potatoes had 267 a mean content of 188 g·kg -1 of starch on a fresh weigh basis (FW) that ranged from 100 to 300 268 g·kg -1 . 25 Among the studied potatoes with the starch content lower than that of the mean value, 269 the tubers of the Spirit and Agata cultivars contained 173 g·kg -1 and 125 g·kg -1 of starch at FW. 270
The total starch contents observed in this study were similar to those reported by Bordoloi et 271 al. 20 for four commercial varieties. 272
The resistant starch in raw potatoes is defined as RS type 2 (RS2), which comprises 273 12 ungelatinised resistant granules that are slowly hydrolysed by α-amylase. 26 In this study, the 274 content of resistant starch of the potatoes ranged from 482 (Agria) to 610 g·kg -1 (Cherie) of LW 275 (Table 3) . Previous reports noted that fresh potatoes contain 691-764 g·kg -1 of RS, 27,28 but there 276 was scarce data about the differences among potato cultivars. Our results showed that the 277 potatoes of the cultivars studied contained less RS than was previously reported and there were 278 significant differences between the RS contents of the cultivars (p<0.05). Notably, the fraction 279 of resistant starch comprised 65-85% of the total starch in the potatoes of the eight cultivars 280 assessed. 281 Kumar et al. 30 did not observe changes in the concentration of reducing sugars in tubers during 296 the first three days of storage at low temperatures (4-6 ºC). Endo et al. 32 observed that during 297 storage at temperatures lower than 8 ºC, the content of reducing sugars increased markedly in all 298 the cultivars studied. Furthermore, reducing sugars affect potato processing such that the higher 299 the reducing sugars content, the higher the level of browning after frying. Additionally, 300 13 Muttucumaru et al. 33 proposed that in potatoes, sugars are more important than free asparagine 301 as acrylamide precursors because other amino acids present in potatoes may play a role in the 302 formation of this contaminant. Therefore, the tubers of commercialised cultivars that develop a 303 high content of reducing sugars during storage may be a potential risk for acrylamide formation 304 during cooking (i.e. baking or frying). 305
306
Correlations among the carbohydrate content, dry-matter content and texture of 307
commercial potatoes 308
Pearson's correlations were calculated to evaluate the relationships among the components of 309 the potatoes. The total starch content of the potatoes was highly positively correlated with their 310 dry matter content (r=0.722; p<0.01), in agreement with the results of Bordoloi et al. 20 However, 311 a less significant correlation was found between the dry matter and resistant starch content of 312 the potatoes (r=0.441; p=0.031), which may be due to the content of resistant starch being 313 dependent on the physicochemical properties of the starch. 34 Finally, the level of correlation 314 between the contents of resistant starch and total starch of the potatoes (r=0.417; p< 0.01) was 315 similar to that found for the RS and DM contents. 316
As expected, the glucose content was significantly positively correlated with the fructose 317 content (r=0.993; p<0.01). There were negative correlations between the reducing sugar content 318 and content of total starch (r=-0.515; p<0.01) and dry matter (r=-0.727; p<0.05). 319
The potatoes that had higher starch and higher dry-matter contents (such as Spirit potatoes) were 320 observed to be much harder and more cohesive than those with low levels of these components. 321
A significantly positive Pearson's correlation was found between the hardness and the shear 322 force levels and the dry matter content of raw potato tubers (r=0.824; p<0.05 and r=0.915; 323 p<0.01, respectively), whereas the correlations between the hardness and the shear force levels 324 and the total starch content were also high (r=0.700 and 0.734, respectively; p<0.05). 325 326 14 Organic acids and pH 327
As Table 4 shows, the pH values of the tubers ranged from 5.89 to 6.30. The correlation 328 between the organic acid contents and the pH level was significant (r= 0.555; p=0.03). The 329 organic acids are biologically important because they participate in various metabolic processes, 330 such as the Krebs cycle. These compounds affect the acidity and pH of potatoes, depending on 331 their concentration and their pKa. 16 
332
The concentrations of the six most abundant organic acids (oxalic, tartaric, malic, lactic, citric 333 and fumaric acids) in the potato tubers are listed in Table 4 . Citric acid was the most abundant 334
organic acid in all the tested potato cultivars. The ranges of the oxalic, tartaric, malic and lactic 335 acids contents were similar; however, significant differences in the organic acid contents of the 336 cultivars were found (p<0.05). Fumaric acid was the least abundant organic acid, and there were 337 no significant differences in its content among the cultivars (p>0.05). Rovers and Guttman 35 338 reported citric acid contents ranging from 6.0 to 20 g·kg -1 DW, which is consistent with our 339 finding of a range of 7.1 to 11.3 g·kg -1 DW; the malic acid content ranged from 1.0 to 6.0 g·kg -1 340 DW, which was slightly higher than our results (with a range of 0.7 to 1.3 g·kg -1 DW). The 341 tartaric acid and oxalic acid contents found in our study are similar to those of Wichrowska et 342 al. 5 and Rodriguez-Galdon et al, 16 respectively. None of the previous studies reported the 343 presence of lactic acid. 344
The concentrations of individual organic acid differed among the potato cultivars. In general, 345 Agata potatoes presented the higher content of citric and lactic acid, and Agria potatoes had the 346 higher content of tartaric and oxalic acid. The higher content of malic and fumaric acids were 347 found in Caesar potatoes. Organic acids (lactic acid, citric acid, oxalic acid, tartaric acid and 348 fumaric acid) have been described as strong antimicrobial agents against psychrophilic, 349 mesophilic microorganisms in fresh-cut fruit and vegetables (including potatoes). 36 The 350 decreasing of citric acid in potato tubers, as well tendency of the boiled potatoes to darken, was 351 due to the non-enzymatic process of the antioxidants. The phenolic content of potatoes depends primarily on the genotype and the growing location, 360 but certain methods of extraction and sample-preparation, such as vigorous extraction methods, 361 can lead to an apparent increase in the phenolic content. 38 According to Ji et al, 39 with the 362 exception of a few cultivars, the selected potatoes had higher concentrations of phenolic in the 363 skin than in the flesh, often twice as much. Potato skins are a rich source of phenolic 364
compounds, but much of the phenolic content of potatoes is wasted in the manufacture of some 365 potato products, such as potato chips. The effect of the cultivars on the total phenolic content 366 and the differences between the total phenolic contents of skin and flesh are shown in Table 5 . 367
The total phenolic content (TPC) of the potato skins ranged from 3.8 to 6.7 g GAE·kg -1 LW. 368
These results were in accordance with those of Wu et al, 40 who reported that the total phenolic 369 content of potato skins ranged from 0.76 to 7.88 g GAE·kg -1 of dry weight. In general, 370 significant differences between the TPC of the cultivars were found (p<0.05). Apart from the 371 Caesar and Agata cultivars, the white-yellow skinned cultivars had a lower content of TPC 372 compared with that of the red-skinned cultivars, as expected. Several studies have reported that 373 red or purple skinned potatoes contained higher amounts of phenolic compounds (anthocyanins) 374 than the yellow-skinned cultivars. 41 The high phenolic content of some white-yellow skinned 375 cultivars (Caesar and Agata) may be explained by the differences in their phenolic compound 376 profiles. 377
As shown in Table 5 
Antioxidant activity 388
There are some difficulties in measuring the true antioxidant status of food products in vivo. 389
The antioxidant activities (AA) of foods or food components have been evaluated using in-vitro 390 chemical models. There are two major mechanisms to explain how antioxidants deactivate free 391 radicals (hydrogen-atom transfer and single-electron transfer). 42 Two assays of the AA are 392 generally used, the ORAC (oxygen radical-absorption capacity) assay to determine the 393 hydrogen-atom transfer activity and the FRAP (ferric reducing/antioxidant power) assay to 394 determine the single-electron transfer activity. However, the ORAC assay is considered more 395 closely related to a human biological assay. 43 
396
The antioxidant activities (AA) of the potato skin and flesh extracts are presented in Table 5 . 397
The AA in the flesh and skin extracts of the potato cultivars ranged from 4.83 to 10.79 and from 398 26.03 to 77.04 g TE·kg -1 LW, respectively, and significant differences between the values for 399 different cultivars were found (p<0.05). The flesh extracts of the yellow and light-yellow 400 cultivars exhibited significant higher AA compared with those of the white-flesh potato cultivars. 401
The highest AA was found in the Agata flesh sample (10.79 g TE·kg -1 LW). Apart from the 402 potato, other foods, such as sorghum and sweet potato, also show a similar relationship between 403 the colour intensity and the AA . 
